Introduction
Patello-femoral complications after total knee arthroplasty (TKA) still represent the most cited cause of pain and the most often reported reason for revision surgery [1] [2] [3] . Many factors have been intensively studied as causes of patellofemoral complications after TKA, including pre-operative, intra-operative and rehabilitation issues. Pre-operative factors include the Q angle, the patellar tilt, the patello-femoral conformity angle, the patellar lateralization and the degree of external rotation of the distal femur. Intra-operative issues involve the use of different surgical approaches, the soft tissue balancing of the patello-femoral articulation, resurfacing or not the patella, the accuracy in the patellar osteotomy when resurfaced, the degree of elevation of the joint line and the degree of internal rotation of the femoral component. Postoperative issues involve the rehabilitative protocol and a correct patient's information on the appropriate activities compatible with a TKA.
Many radiological evaluations have been described as a method to highlight pre-operative risk factors for patello-femoral complications after TKA. Laurin et al. [4, 5] first introduced the concept of patellar tilt as a form of malalignment. Other tilt measurement methods have been developed on plain radiography, CT, and MRI [6] [7] [8] [9] [10] . The patello-femoral congruence angle was first described by Merchant et al. [11] and later by others [12, 13] . The femoral component positioning and its effect on the patellar tracking have been intensely studied [14] [15] [16] [17] through the measurement of the posterior condylar angle (PCA).
Different femoral designs in TKA have shown multiple effects on the conformity of the patello-femoral joint. Historically, this anatomical relationship may interfere with clinical results. In fact, there is little information in regards to how the complex anatomy of the normal trochlea compares to that of the femoral component.
The objective of this study was to evaluate the radiological and clinical correlations between implant design and patellar positioning in patients who underwent TKA utilizing modern femoral implants.
Material and method
In 2009 the authors randomly selected, after obtaining the institution's IRB and patients' approval, 30 consecutive patients affected by knee osteoarthritis from the operative schedule for TKA. The study group was composed of 22 females and eight males. The average age was 69 years (range, 52-83 years). The knee deformity was varus in 25 knees (range 6-17°) and valgus in five (range 5-14°). The right knee was involved in 23 cases and the left in seven. All patients were evaluated pre-operatively and at two years minimum follow-up both clinically according to the Knee Society score as well as radiographically. Bilateral standing 30×90 cm. view, bilateral Merchant view, and bilateral standard lateral view have been performed. A pre-operative and a two-year CT evaluation were done in each knee with a standard GE Medical Systems Scanner, whereby the patient assumed a supine position on the radiological table with the knee bent at 20º; CT images were 2 mm in thickness and with 2 mm in reconstructive increments starting at the distal metaphysis and finishing at the tibial tubercle. Particular attention was paid to the following CT measurements: patellar tilt according to Fulkerson et al. [7] , patellar congruence angle according to Aglietti et al. [13] , patellar lateralization measuring the lateral patellar displacement according to Brossman et al. [18] and femoral component external rotation in relation to the patellar sitting measuring the PCA according to Boisgard et al. [16] . The patella tilt angle (PTA) was calculated drawing an angle made by a line parallel to the posterior condyles and a line joining the edges of the patella: this index is normally <5° (Fig. 1) . It is a measure of tilting of the patella. The congruence angle (CA) was calculated by drawing a line perpendicular to the deepest point of the trochlea and drawing a second line from the apex of the trochlea to the most posterior point of the patella. If the patella is medial to the bisector, the CA is negative and positive if the patella moves laterally (normally <+5°). It measures patellar subluxation (Fig. 2) . The lateral patellar displacement (LPD) index was measured defining first a line tangent to the posterior condyles and second a perpendicular line was projected anteriorly through the medial condyle; the distance from this line to the medial edge of patella in milimetres is the LPD index (normally <+5 mm) (Fig. 3 ). It is a measure of absolute patellar lateralization. PCA is an indicator of femoral external rotation: to assess pre-operative and postoperative rotational alignments, posterior condylar angles formed by the clinical transepicondylar axis and a tangent line to posterior condyles were measured (Fig. 4) . Abnormality of this angle at follow-up indicates a defective rotational positioning of the femoral component.
The new fixed-bearing PFC PS Sigma System (De Puy, Warsaw, USA) was used in all the cases. This system was first introduced in 2009, having a peculiar femoral design. This new femoral component has a "J curve" shape with three different tangential radii in the sagittal profile and a single radius curve in the coronal profile; a prolonged anterior flange and a "smoother" transition from trochlea to the box are innovative to this design too.
The surgical approach included a standard midline incision and a medial peripatellar capsulotomy, avoiding standard lateral releases. The Sigma HP instrumentation was used to allow 3°of external rotation to the cemented femoral component, and the "balanced gaps technique" was the chosen surgical technique. The tibial component was cemented matching the tibial anterior cortex with its anterior side ("curve on curve technique" for rotational alignment). All patellae were replaced with a so-called "free hand technique", and tracking of the patella was checked using the "no All patients were evaluated at two years follow-up both clinically according to the Knee Society score as well as radiographically [19, 20] , including CT evaluation. Statistical analysis was performed utilizing the t-test and the Wilcoxon test (p<.0.05).
Results

Radiological results
All patients were available at follow-up. The four CT measurements in each knee were performed by an independent reviewer (LM) not part of the surgical team.
Patellar tilt angle (PTA)
The average patellar tilt at follow-up was 3º (±7.5º) with respect to a pre-operative average value of 18.5º (±8.5 º). This difference was statistically significant (p<.0.05).
Patellar congruence angle (CA)
The average patellar congruence angle at follow-up was −3°( range, −11°to + 9°) with respect to an average pre-operative value of 10.3°(range, + 1.5°to + 25.5°). This difference was statistically significant (p<.0.05).
Lateral patellar displacement (LPD)
The average lateralization index at follow-up was 2.7 mm (range, −3.4 mm to+7.1 mm) with respect to a pre-operative value of 12.2 mm (± 4.8 mm). This difference was statistically significant (p<.0.05).
Posterior condyles angle (PCA)
The femoral component positioning in relation to the transepicondylar axis at follow-up showed 2.80°of external rotation (± 2.10°) with respect to a pre-operative value of 5.7°( ± 1.80°). This difference was statistically significant 
Clinical results
All patients were available at follow-up. No revisions were performed in this case series. According to the KSS, average pre-operative knee score was 43, while average function score was 42 points. Average knee score at two-year follow-up was 89 points, while average function score was 76 points. Average knee flexion at follow-up was 115°(min. 97°, max. 115°). Two major patello-femoral complications (6.6%) were registered at follow-up: one patient (patient one, female, 69 years) had a mildly painful patello-femoral crepitus during ROM and one patient (patient two, female, 67 years) described a moderate anterior knee pain rising from a chair or during stair climbing. Both patients had CT measurements falling in the normal range. Radiological evaluation (Merchant's view) of the first painful knee showed a medial tilt of the replaced patella with a medial bony impingement (Fig. 6) ; this complication was related to an insufficient patellar bone removal, leaving the patella with an excessive cross-section. Radiological evaluation of the second painful knee showed an asymmetric patellar bone cut (Fig. 7) , whereby the proximal pole of the patella had a diameter of 13.2 mm with respect to 9.8 mm in the distal pole, favouring patellar tilting and proximal soft tissue entrapment.
Discussion
Three decades of total knee arthroplasties have been highly successful. Implant survivorship was reported between 90.6% and 99% during the first decade and between 85% and 96.5% during the second decade of follow up [21] . Patello-femoral pain, crepitus, and locking are infrequent symptoms after total knee arthroplasty, still representing a premiere cause of revision [22] . Surgical technique and implant design are keys to a successful TKA. Controversies existing over resurfacing the patella in TKA remain in the literature. In a recent systematic metanalysis of patellar resurfacing in TKA, the overall incidence of postoperative anterior knee pain of the 1,421 knees included was 12.9% in the patellar resurfacing group and 24.1% in the no resurfacing group [23] . Re-operation rates to convert unresurfaced patellae to resurfaced patellae exceed those for complications after patellar resurfacing [24] . On the other hand, the success rate of secondary patellar resurfacing is poor and patients should be counselled carefully [25] .
The centering of the patella in TKA depends on distal femoral osseous factors which determine PCA and anterior trochlear angle on either side of the transepicondylar axis. Since the correct reproduction of the obliquity of the transepicondylar axis with respect to the PCA depends on the surgeon skills, the anterior trochlear angle is peculiar to the chosen prosthetic implant. Optimum prosthetic design features for patella resurfacing include an anatomic, On the left side a medial tilt of the replaced patella with a medial bony impingement is present asymmetric trochlear groove that is broad, extended and deeper compared to first-generation designs [26] .
The author's institution was in the first line in the development of patellar implants for TKA [27] and since then, patellar resurfacing has been routinely performed in the majority of our TKA. In 2001, the authors reviewed their experience with extensor mechanism complications after TKA utilizing three different prosthetic implants: the complication rate was 20% in the IB I TKA (Zimmer Inc., Warsaw, USA), 5% in the modified IB I and 2% in the IB II [28] . More recently, Aglietti et al. [29] reported as very rare the incidence of clunks or major patello-femoral complications with the use of newer TKA designs. This phenomenon was linked to severe modifications in the original IB I femoral component design: the box edge was rounded (IB I Modified) and the trochlear groove was deeper and prolonged proximally (IB II) in order to better accommodate the patellar tracking.
A similar pathway was followed by the Press-Fit Condylar (PFC) TKA, an improvement of the total condylar knee implant [30] . The PFC implant was designed with a deeper patellar groove and a single peg patella adapted to maximize contact area and decrease the amount of exerted pressure.
The clinical results of this implant were satisfactory overall with a 93% survival rate at 15 years; the revision rate for patello-femoral related problems was 5.2% [31] . The PFCSigma implant was first used in 1996, showing an updated femoral coronal geometry and a deeper trochlear groove to improve patellar tracking. Painless or painful patellar crepitations and patellar clunk syndromes have been reported with an incidence between 1 and 5% by many authors, including the implant's designers [32] . Revisions for patello-femoral problems have been shown to still be a minor issue with this implant [33] , not differing between patients sex [34] . The use of the mobile-bearing option did not reduce the patellofemoral complication rate, nor improve the patella tracking [35] . Previous studies hypothesized that a high rate of patellofemoral complications might be linked to the medialization of the prosthetic femoral groove typical of this implant; in fact, Meijerink et al. [36] demonstrated 3 mm of average medialization of the femoral groove when using the PFC knee implant. In a different study, Barink et al. [37] noted a trend toward lateral tracking of the patella in early flexion when using the PFC-Sigma prosthesis.
The authors of the present study reviewed their experience with the fixedbearing PFC PS Sigma focusing on the hypothetical reproducibility of a patello-femoral congruency as close as that of non-osteoarthritic knees. Three CT measurements (PTA, CA, LPD) highlighted the patella positioning with respect to the femoral component, while the PCA showed the rotational alignment of the femoral component. Our CT results fell in the normal range, according to numerous previous studies in non-osteoarthritic knees [7, 13, 16, 18] , suggesting a satisfactory positioning of the patella with respect to the prosthetic trochlea. In regard to the PTA, previous radiographic studies suggested a value inferior to 5°as normal for a non-osteoarthritic knee [19] . Aglietti et al. [13] , studying the patellar congruence angle (CA) in a series of TKA, reported a value of more than 5°as an index of potential patellar subluxation. Brossman et al. [20] suggested less than 5 mm of patellar lateralization (LPD) as a normal value in a non-osteoarthritic knee. According to our results, the mean PCA at follow-up was 2.8°. Previous reports suggested that commonly reported 3°of external rotation might be insufficient to make a rectangular flexion gap at 90° [ 38] , increasing the risk of patello-femoral complications.
In this consecutive series, we registered two (6.6%) patients reporting patello-femoral complications related to imperfections in the surgical technique (patient one: excessive patellar thickness; patient two: asymmetric patellar osteotomy). This study showed that, when resurfacing the patella utilizing the PFC PS Sigma knee-system, strict surgical principles are paramount to avoid complications; these include duplication of the original patella thickness, performance of a symmetric patellar osteotomy, accurate removal of peripatellar synovial tissues, achievement of central There are several limitations to this study. First, the patella is constrained partly by the design of the prosthetic trochlear groove and CT is a sensitive and accurate method of assessing components positioning [39] , but patellar tracking is governed by a combination of static and dynamic factors. Maltracking may result from excessive or unbalanced tension in the surrounding soft tissues during knee flexion, so our radiographic measurements do not reflect patello-femoral congruence during ROM. A CT scan or MRI in vivo assessment might be necessary [18, 40, 41] . Anyway, Varadarajan et al. [42] demonstrated that, even with a correct external rotation, the trochlear groove in current TKA designs only partially restores normal anatomy.
Second, the authors did not include tibial measurements; internal rotation of the tibial prosthetic component results in a net external rotation of the tibia. This might cause the tibial tubercle to be in a more lateral position, increasing the Q angle and the lateral subluxation force of the patella. The authors believe that their "curve on curve" technique allows the tibial component to be centered in between the medial border and the center of the tibial tubercle. Third, this study was based on small numbers; the IRB approval was obtained only for a small study group, because of the invasivity of the protocol.
This study suggests that newer femoral designs with softer edges and a prolonged femoral groove allow for a correct reproducibility of the patello-femoral conformity. The incidence of extensor mechanism complications appear to be more related to a poor surgical technique than implant design.
